Abstract. The aim of this paper is to present the method of locating logistic centres in a regular hierarchical logistics network. The problem is to determine the optimal location of logistic centres with given selection criteria. Among many methods, the authors will decide on the use of the AHP method, which is an effective tool for selecting a location.
Introduction
Logistics centers are an important part of the infrastructure of each country. They are an important factor of economic development, they influence on the flow of goods and they contribute to the increase of efficiency of supply chains. Global forecasts indicate that logistics centers, both industry, local, regional and international, determine global supply networks. This role is attributed to distribution centers, warehousing and distribution centers, trans-shipment terminals, central warehouses, warehouse bases or logistics platforms. Their aim is to create added value in the flow of goods, to alleviate or eliminate the nuisance of environmental logistic activities, as well as to support and initiate desired directions of business development, mainly in the area of logistics [1, 2] . Although the first centers were created more than thirty years ago, commonly accepted definition has not been developed to this day. This is due to the lack of absence of standard methodologies or decision criteria [3] . However, without going into a wider definition discourse (overview of ways of defining the logistics center are presented by Higgins, Ferguson and Kanaroglou [4]), we appeal only to the recognition of logistic centers in the infrastructural context, i.e. as transhipment points and intermodal terminals with the highest degree of complexity in which they combine streams of cargoes flowing through global supply chains. In this way, centers define, among others Tsamboulas and Dimitropoulos (1999) and Winkler and Seebacher (2011): "logistic interconnection points in a local and long-distance goods transport" [5, 6, 7, 8] . The construction of a logistics center is a strategic decision, mainly due to the irreversible effects resulting from the choice of location. This indicates the particular importance of the localization problem [9, 10] . Decisions in this respect are made in relation to a specific economic and spatial system, which creates specific consequences for actions aimed at the optimal deployment of newly planned facilities. Depending on the nature of the localized center and the type of logistics network to be part of, there is a different degree of complexity of the location problem [11, 12, 13] . As a consequence, various mathematical methods and formulas can be used to solve the problem. Bearing in mind the importance of the problem of the center's location and the multiplicity of possible methods in this study, the AHP method was presented to determine the location of the logistics center [14, 15, 16, 17] .
Literature review
In the literature, a lot of space is devoted to the methods of location of logistic objects in a logistics network (including Owen, Daskin, 1998 ). The classification of localization problems according to the criterion function, decision variables and system parameters is also considered. When solving the problem of object location in the network, various aspects should be taken into account, including its structure and forms of object connections. In this case, the problem is searching for answers, among others for questions such as: is each node assigned to one or many objects, is the connection node -node with the omission of the logistic object acceptable and whether the connection objectobject are full or partial? Choosing the right location of a logistics center is not easy [25] . It is usually taken after taking into account many criteria, such as: (1) technical (usable) -including road density indicator, efficient telecommunications network, number of potential contractors, storage infrastructure, intellectual resources; (2) economic -capital expenditures, annual operating costs, cost measures (eg. the cost of moving a unit of cargo) indicator of development trends, share of international turnover, (3) hard to measure, including reliability, flexibility, expandability [26] . Brenke, based on research carried out in 2000, established the following hierarchy of location factors: (1) proximity to markets, (2) labor costs, (3) supply of qualified labor, (4) business support measures, (5) proximity to the motorway, (6 ) energy costs, (7) proximity to suppliers [27] . Mentzer (2008) points to three basic economic factors determining location decisions: land, labor and capital [28] , and Mindur as criteria for the location of logistics centers, taking into account the possibility of adapting existing logistics infrastructure, proposes, among others [29] (1) the possibility and cost of buying land for the investment, (2) the cost of land treatment, (3) connection to the existing railway network, (4) the cost of building additional warehouses or office facilities, (5) the cost of building parking and parking yards, (6) the cost of supplying new facilities in the media, (7) the cost of preparing technical documentation [29] . The presented criteria show that searching for the location of a logistic center is usually reduced to determining the lowest costs, taking into account many places of obtaining raw materials and distribution places for finished products [26, 28, 29] 
.] uses and simple set-kilometers to optimize the location and set of customers".
Location problems can be solved using various methods that can be classified according to [20, 30] :
• approaches to formulating the problem -mathematics rankings and programming, optimization problems; number of assessment criteria -simple, multi-criteria;
• approaches to risk management and its divisionmathematical, expert estimates;
• topographic nature of the network -continuous and discrete location problems;
• number of objects to be considered for the locationone or many objects. Farahani, SteadiSeifi and Asgari (2010) provide an overview of localization problems formulated as problems with multi-criteria decisions [20] . Klose and Drexl, on the other hand, focus on optimization methods, using mathematical programming [30, 31] . Daskin (1995) presented the method of distance minimization, also called the gravitational method [18] . To evaluate the location methods are used descriptive and analytical and descriptive, not requiring knowledge of the sophisticated mathematical methods. An interesting approach to solving the problem of the location of logistic facilities is to look for a variant of the number and location of these objects, for which the sum of transport and storage costs is minimal [25] . Noteworthy are also methods of linear optimization, static one-criterion methods with analytical and numerical implementation [27] . The multi-criteria optimization methods, e.g. AHP, TOPSIS, are also used to solve the problem of warehouse locations.
AHP method
Considering several potential locations of the warehouse, the decision maker is the most convenient to choose localization. During the analysis of individual variants, it may be guided by criteria depending on its individual preferences. In such situations, it is advisable to use multicriteria analysis methods such as AHP. The AHP method has gained wide recognition in decision-making processes. Literature analysis points to several hundred articles using AHP / ANP methods in various fields and is used in many countries, e.g. in the United States, Turkey, China, Japan, Brazil, the Czech Republic and Poland, where it gains more and more supporters. In the area of transport, this method was used to assess transport systems [32, 33, 34] , evaluation of the railway corridor in Memphis [35] , analysis of multi-criteria problems in road transport [36] , telematics technologies in the management of a fleet of hazardous materials [37, 38] and reverse logistics [39, 40] . Evaluation of large investment projects, evaluation of alternative fuels, selection of optimal transport policy reducing impact on climate change. These are just a few of the many uses of this method. The authors cite the following example of the use of AHP from the article by M. Berrittell, A. Certa, M. Enea and P. Zito "An Analytic Hierarchy process for the evaluation of transport policies to reduce climate change impacts" [41] . Analytic Hierarchy Process (AHP) is a commonly accepted and used tool for making complex decisions based on a large number of criteria. The basis of AHP is the hierarchical decomposition of the assessment criteria. The hierarchy of validity in the AHP method has a predetermined structure. First, the purpose of the decision-making process is chosen, then the evaluation criteria and the solution variants are set [41, 42, 43, 44] . In AHP, the decision maker has an impact on the entire process -AHP is a method that allows you to choose the best solution from among many variants. The decisionmaker assesses possible variants of choice in terms of specific criteria for the possibility of assessing the value of these criteria in terms of the objective according to their knowledge and experience-based recognition [5, 42, 45] . The use of the AHP method follows the following steps: 1. Construction of a pairwise comparison matrix for all criteria in pairs and matrices enabling the comparison of potential locations in pairs in relation to all criteria. Assessment criteria by pair comparison is made by the decision maker according to the scheme [5, 45, 46] : 1 -equal importance (both factors contribute equally to achieving the goal); 3 -a small advantage (judgments and experience slightly prefer one factor over another); 5 -strong advantage (judgment and strong experience put one factor above the other); 7 -very strong advantage (one factor is strongly put above the other, practice confirms this); 9 -absolute advantage (the advantage of one factor over the other is absolute and confirmed in the highest degree). Intermediate values 2, 4, 6 and 8 are assigned in the case of difficulty in the classification of the result and when we think that it lies between the characteristics specified in the classification [47, 48, 49] . 
which indicate the place of the i th variant in the rankingthe higher the value, the higher the ranking. The individual ranking for criteria is determined in the same way. The final step of the presented method is the determination of vector C=[ci] (i=1, 2, …,m), multicriteria preference indexes, whose coordinates are calculated according to the formula [41, 42, 51 ]:
The ci values determine the position of i-th variant in ranking (the higher the value, the higher the rank). When many pairwise comparisons are performed, some inconsistencies may typically arise. Analysis of matrix consistency is made through appropriate transformations of the matrix's own vectors [43, 48, 49, 52] , thus calculating the Consistency Ratio (CR) according to formula (2):
where: λmax -maximum value of the own vector of the preference matrix of n, n -number of compared characteristics. It is assumed that the coefficient of consistency is accepted (comparison of characteristics is consistent) when the CR value is less than or equal to 10%. Then rankings of particular characteristics are calculated for the first and subsequent criteria respectively. Subsequently, rankings for variants (subcriteria) are calculated.
Application the AHP method in solving the problem of the location of a logistics center
The first step, regardless of the chosen method, is the analysis of various conditions related to a given investment process and participating in it entities, aimed at indicating appropriate variants and decision-making factors. Catalog of example criteria and sub-criteria, determining the implementation of the localization of warehouse, has been presented in figure 1. It should be noted that these factors are only of a nature exemplary, developed on the basis of selected thematic publications. In a real situation, the choice of individual factors should be justified by the results of relevant analyzes (including applicable legal regulations) made by an expert group. It is worth noting that the accuracy of the work analytical results translate into the reliability of results obtained by the AHP method. Due to the theoretical nature of the problem decision, only selected elements of the AHP algorithm are indicated. The choice of location should start with the construction of a hierarchical decision model (Fig.1) . Suppose we are considering a discrete problem of multicriteria decision making, in which six decision-making variants are assessed on the basis of three criteria. The first two criteria are unmeasurable, while the third, maximized criterion is known to the decision-maker as real numbers (tab. 1). At the beginning the pairwise comparison matrix should be determined (tab. 2). Using the Saaty method, the c scale vector is as follow (0.076; 0.657; 0.267) In the end of first step of the AHP method the "own value" or "characteristic value" of matrix should be found, in this research it is λmax=3,690. The value of the modified CR consistency measure will be calculated according to formula 5, and it is equal CR=0,595, which indicates the existence of sufficient consistency of assessments.
Next the decisions-maker has to compare of individuals decision-making variants with respect to each criterion f1 and f2. Using the Saaty method, standardized matrices of variants were created (tab. 3, tab. 5), relative to the first and second criteria f1i f2 on the basis of which the c1 and a c2 scale vectors were found (tab. 4). The values of the modified consistency measure CR for the comparison of options with respect to the first criterion f1 is 0.003, while for the second criterion f2 it is 0.228. This indicates that there is sufficient consistency of assessments. Due to the fact that the value of the third criterion f3 are real numbers, the scale vector c3 was determined as the normalized values of the third criterion in table 6.
In next step C matrix was determined, columns in this matrix are scale vectors for all criteria. The C matrix is presented in table 7.
The product of the matrix C and the vector of the scale c (formula 4) forms the final vector of the scale c on the basis of which the ranking of decision variants was created. The ranking of variants is as follow: a3=0,063; a5=0,076; a2=0,134; a4=0,172; a1=0,260; a6=0,295. 
Conclusion
The construction of logistic centers is a big financial challenge and creates a lot of problems, like most business-investments construction. However, correctly located on the basis of preliminary research and simulations, it can certainly be a source of income not only in financial terms but also in terms of environmental protection. Activities related to the location of logistic centers and their very construction should be implemented at a priority pace. Summing up, the location, of such a huge undertaking as, the logistics center should be preceded by a series of detailed studies and simulations that would clearly indicate and justify the construction of such a facility.
